This work reports the synthesis of a variety of materials with an ilmenite-type structure MTiO 3 formula, where M= Fe, Co, and Ni, these materials were synthesized by the method of solvo-combustion, a simple and rapid method. These materials were characterized by X-ray Diffraction (XRD), scanning electron microscopy (SEM), FT-IR spectroscopy, thermogravimetric analysis (TGA/DTA), surface area determination by the BET method and analysis of particle size. The photocatalytic activity was measured in the degradation reactions of Rhodamine B (rhB) and tetracycline (TC). The results show that the crystallinity and surface area are factors that influence significantly on the photocatalytic activity of the synthesized titanates.
Introduction
The materials based on ilmenite-structured titanates with formula MTiO 3 include metals such as nickel, cobalt, zinc, iron and copper among others. These compounds are universally known as inorganic functional materials with wide applications. These have a rhombohedral crystal structure of the R-3H space group with a hexagonal packing of the oxygen atoms occupying 2/3 of the octahedral positions, where M and Ti occupy alternating layers. The titanates of transition metals like Fe, Ni, Co-own diverse properties such as electricity, magnetism and semiconductivity [1] [2] [3] [4] . These properties make titanates widely used in industry, for example, such as semiconductor rectifiers, electrodes of a solid oxide fuel cell, metal-air barrier, hydro-carbonate catalyzers, color mixtures for surface coating and gas sensing devices, among other applications [5] [6] [7] [8] [9] [10] . Moreover, the application of titanates as photocatalysts is attracting considerable attention for the water and air purification. Pei-honget. al. 11 reported that the use of NiTiO 3 as a photocatalyst for degradation of humic acid in water, reached 95.3% after a 2.5 h reaction under irradiation of UV light. B.Gao and collaborators 12 , found that commercial FeTiO 3 shows strong absorption in the visible region, so it could be used as a photocatalyst. F. Liu et al 13 report.that, the FeTiO 3 showed excellent results in the reduction of NO in presence of NH 3 at a conversion of 90%. Babu et al. 14 reported that it is possible to obtain photocatalytic activity by visible-light of NiTiO 3 thin films doped with nitrogen. 3 and according to them, is an excellent photocatalyst and catalyst for several reactions, in this case, the activity was attributed to the synthesis method by sol-gel 15, 16 . Another important factor is that these materials have a band gap energy (Eg) attractive that makes them active in the visible region as reported by Aguiet. al 17 . They published a study on charge transfer and optical properties of MTiO 3 (M =Mn, Fe, Co, and Ni), getting values of the band gap between 2.4-2.8 eV. Using the distance between the spectra edges of XAS and XES.
Moghiminia et al. have tested NiTiO
On the other hand, the typical ilmenites can be obtained by different routes of synthesis, but the most popular are the one based on the reaction of titania with other oxides or carbonates in solid state reactions at high temperatures ( >1200 ºC). This method provides significant amounts of the required product with uniformed particle dimensions 8, 18, 19 , on the other hand, the drawback of this method is its low surface area of the obtained solids; usually close at 1 m 2 /g. They also have been synthesized by precursor polymers 5, 11 , mechanochemistry 9 , sol-gel 20, 21 , and pechini 22 . Some of these methods require long reaction time and high-temperature calcination to obtained better properties. For this reason, the reaction conditions are one of the challenges today for the optimization and preparation of materials with unique properties.
Therefore, in this work we present the results of the synthesis and characterization of nickel titanate (NiTiO 3 ), cobalt titanate (CoTiO 3 ) and iron titanate (FeTiO 3 ) obtained by the solvo-combustion method. Also, the synthesized titanatesphotocatalytic activity was evaluated in the degradation 
Experimental

Synthesis of titanates
The titanates were obtained by solvo-combustion method 23 , using as precursors the Titanium (IV) n-butoxide (99%, Sigma-Aldrich), Fe(NO) 3 ▪9H 2 O (99.8% Fermont), cobalt (II) acetylacetonate (97%, Sigma-Aldrich) and nickel acetate (99% Sigma-Aldrich).
For NiTiO 3 synthesis, 6 x 10 -3 mol of nickel acetate was placed in a flask and dissolved in 0.15 mol of acetylacetone with 0.26 mol of ethanol. Then 1.88 mL of titanium butoxide was added and perfectly mixed. The mixture was stirred and refluxed until 70 ºC. Then, 1 mL of nitric acid was added to the solution, and the flask was immediately placed onto a hot plate at 180 ºC to evaporate the solvents rapidly. During the evaporation, the sample spontaneously ignited, and in a few minutes, a black and spongy powder was obtained. The same procedure was used for the titanates of cobalt and iron. The obtained powders were calcined at different temperatures.
Characterization of the samples
The Thermal decomposition of the materials was investigated by thermogravimetric analysis (TGA) and differential thermal analysis (DTA) in SDTQ600 TA Instruments; the samples were heated with 10ºC/min from room temperature to 900 ºC, under the flow of 10mL/min in N 2 . Structural characterization was carried out by X-ray powder diffraction using a Bruker D8 Advanced diffractometer with Cukα radiation (λ=1.5418Å) provided with a Vantec high-speed detector and Ni filters. X-ray diffraction data were collected in the range 2θ of 10-90º with a scan rate of 0.05º/second. The morphology of the samples was analyzed by scanning electron microscopy using a JEOL JSM 6490LV equipped with microanalysis dispersion X-ray (EDS) for its quantification.
UV-vis diffuse reflectance spectrums of the samples were measured using a UV-vis spectrophotometer (Perkin-Elmer Lambda 35) equipped with an integration sphere. The Eg was determined by the equation of energy Eg = hc/l.
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. The Brunauer-Emmett-Teller (BET) surface area of the titanates was determined by N 2 adsorption-desorption measurements using a Quantachrome Nova 2000e Instruments. The isotherms of adsorption-desorption were evaluated at -196ºC after a sample pretreatment at 300ºC during 1h. The particle size and potential zeta was measurement using a Potesizer instrument. The sample was sonicated during 30 min, where the suspension was prepared by adding 50 mg of titanates to 100 mL of deionized water. The pH was adjusted using NaOH 1M and HCl 1M.
Photocatalytic experiments
The photocatalytic activity of the materials was determined by the degradation of rhodamine B and tetracycline in aqueous solution under irradiation of simulated sunlight. The experiments were carried out in a photochemical reactor system that has a Pyrex glass reactor (200 mL) equipped with an external water jacket to cool down the reaction mixture to room temperature. The system is illuminated with a Xe lamp of 35 W, 3200 lumens and 6000 K as a source of simulated sunlight, the lamp is settled in the center of the reactor. The fraction of radiation with a wavelength below 300 nm was filtered with a 5 M solution of sodium nitrite. For each experiment, 200 mL of rhodamine B standard solution (5 ppm) and tetracycline (20ppm) respectively were placed inside the glass reactor and mixed with 200 mg of the solid photocatalyst. The slurry was mixed with a magnetic stirrer at 500rpm, staying in darkness for 60min to reach the adsorption equilibrium. Then the Xe lamp was a turn on, and samples were taken at different time intervals to the progress of the reaction by UV-vis spectroscopy. These chemical analyses were carried out with a Perkin-Elmer Lambda 35 UV-vis spectrometer. Therefore, the fluorescence technique was used to detect of OH radicals formed on the surface of stannates using terephthalic acid; which reacts with OH radicals generating compounds with a strong fluorescent 25 .
Results and Discussion
With the purpose to investigate the thermal behavior of the precursors used in the synthesis of titanates TGA and DTA measurements were performed, the respective curves are presented in Fig. 1(a-c) . The Figure 1 (a) corresponds to FeTiO 3 obtained under nitrogen flow, the first part of the TGA curve shows a weight loss below 300ºC that can be associated with the loss of occluded water in the starting material and to the combustion of organic material. Furthermore, DTA shows two exothermic peaks at 226 and 268ºC, which can be attributed to the combustion of organic material. The broad exothermic peak between 500 and 800ºC may be related to the crystallization of iron titanate (FeTiO 3 ) 6,22 . In Figure 1(b) shows the DTA/ TGA of the cobalt titanatewich present a weight loss around of 150ºC due to elimination of water and evaporation of organic matters and two exothermic peaks at 435. That those associated with the formation of Co 3 O 4 , and 505ºC were probably attributed of crystallization, in the range of 550-900ºC shows a slight weight loss that could be assigned to the oxygen removal during the formation of CoTiO 3 and Co 3 O 4 9, 26 . Figure 1(c) shows the thermal analysis the nickel titanate, this material present a weight loss at 200ºC, which corresponds to an endothermic peak due to the liberation of water and one-second weight loss between 390 and 638 ºC due to decomposition of organic material. These results are associated with an endothermic peak and at 638ºC, an exothermic peak that is related with the crystallization of the material. According to the results of XRD, the phase is obtained at 600ºC 5, 11, 27, 28 . XRD patterns of the iron, cobalt and nickel titanate powders that were prepared by solvo-combustion method are shown in Figure 2 . In the Figure 2(a) is shown the XRD patterns of FeTiO 3 synthesized and calcined at different temperatures under a nitrogen atmosphere. Where it can be seen that the sample at as prepared an amorphous structure material was obtained, treated at 600ºC for 5 hours indicates the formation of ilmenite with rhombohedral crystal structure according to the JCPDS 075-1208 file and traces of titanium oxide corresponding to the rutile phase JCPDS 021-1276. The three lines in Figure 2 (a) shows that pure crystalline ilmenite (FeTiO 3 ) with major reflections at 23.97º, 33.04º, 35.67º, 40.90º, 49.32º, 53.76º, 57.09º, 62.36º and 64.20º is obtained after calcination at 700ºC for ten hours. These results confirm that pure ilmenite (FeTiO 3 ) has a rhombohedral crystal structure with the R-3H space group 6, 13, 22 . The Figure 2(b) shows the diffractogram of cobalt titanate obtained by solvo-combustion method as dried and calcined at 600 and 700ºC for 2h, observed its formation according to the database JCPDS 77-1373. The XRD pattern of the sample treated at 600ºC for 2 hours indicates the formation of the small reflections of ilmenite (CoTiO 3 ) with rhombohedral crystal structure according to the JCPDS 77-1373 file. Hovewer was detected low-intensity reflections corresponding to TiO 2 in the rutile phase (JCPDS 01-2176) and reflections associated with Co 3 O 4 (JCPDS 04-31003) 9, 19 . When the temperature was increased to 700ºC / 2h, the CoTiO 3 was obtained in its pure phase.
Figure 2 (c) shows the diffractograms of NiTiO3 powder thermal treatments for two hours in air atmosphere. In the first line is presented as prepared materials, the results revealed a low crystallinity of the NiO phase (JCPDS 89-3080), it was identified reflexions at 37º and 43º (2q). As annealing temperature was increased at 500 ºC, the reflexions associated to NiO increase slightly. When the temperature was at 600 ºC, it was observed more clearly the presence of the ilmenite (NiTiO 3 ) phase with a rhombohedric structure according to the database JCPDS 33-0960 8, 9, 27 . In the diffractograms of the three pure phases, where it can be seen that are isostructural and that the reflexions are shifted lightly, this result is natural for the variation of the radius of the cation Fe, Co, and Ni (see Figure 3) . The results of scanning electron microscopy analysis of iron (FeTiO3), cobalt (CoTiO 3 ) and nickel (NiTiO 3 ) titanate synthesized by solvo-combustion are presented in the Figure 4 . The micrographs obtained of the photocatalysts as prepared are presented in Figure 4 (a, c and e) these powders have similar morphology, particles of different sizes with large pores that can be seen in the precursor material. As the temperature was increased to 700ºC for FeTiO 3 , CoTiO 3 and 600 ºC for NiTiO 3 (see Figure 4 b, d and f respectively), this image show the formation of foam morphology agglomerates with the presence of pores of different sizes. Olso it is observed, they nickel and cobalt titanates exhibit very similar pore sizes with values greater than 1µ, unlike iron titanate with larger pores, on de the other hand it is important mention this type of morphology which could be important factor for photocatalytic applications, favoring a greater diffusion of energy on the surface of the catalyst generating a greater amount of the electron-hole pair therefore greater production of free radicals.These morphology features are associated with the nature of the combustion reaction.
The results of the elemental analysis ( Figure 5 ) of these materials by EDS clearly indicate that the chemical composition corresponds to iron, cobalt, and nickel titanate. Figure 5 (b) also shows the results of the chemical analysis of CoTiO 3 by atomic absorption spectroscopy, which indicates an atomic relationship between Co and Ti close to 1. Both chemical analyses confirm that the stoichiometry of the material corresponds to the ilmenite (CoTiO 3 ) and corroborate the results of X-ray diffraction. Moreover, the particle size distribution are showed in Figure 6 . The NiTiO 3 shows the smaller particle size distribution between 15-80 nm. CoTiO 3 material presented the majority of the particle size distribution between 50 and 400 nm. Furthermore, the ilmenite FeTiO 3 showed a two different agglomerate distribution particle sized, one between 10 to 100 nm and the second between 100 to 300 nm. Likewise, the zeta potentials of titanates materials measured as a function of pH are showed in Figure 7 . Where is clear to observed that the potential zeta become negative when the pH become more basic and the isoelectric point In the other hand, the specific surface area calculated by the BET method is shown in Table 1 ; The CoTiO 3 exhibited surface area low, and this valor indicates that the material morphology plays a significant role in determining textural properties as well as its crystallinity. It is well known it is a crucial element for use in photocatalysis. In this case, the NiTiO 3 has larger surface area.
Photocatalytic activity
The photocatalytic activity of titanates MTiO 3 (M= Fe, Ni, Co), was evaluated by analyzing the degradation of rhodamine B and tetracycline aqueous solution under Xe lamp irradiation. All the samples during the reactions were analyzed by UV-vis spectroscopy. Figure 8 show the evolution of the concentration of rhB as a function of time during the experiment with different titanates. The degradation of rhodamine B was calculated using the absorbance values of the band associated with the color (l =554nm). As seen in Figure 8 (a) which clearly indicates that rhodamine B is not degraded by a simple photochemical effect of light with wavelength larger than 554 nm. Also shows that pure ilmenite (FeTiO 3 ) does not have any photocatalytic activity, When the rhodamine B solution was irradiated with visible light in the presence the CoTiO 3 , is observed a slight degradation in the model molecule, being around 30%. In the case of NiTiO 3 , the degradation of rhodamine B is faster than with FeTiO 3 and CoTiO 3 , achieving 48% degradation of the dye in five hours, as shown Figure 8 .
The results obtained of UV-vis spectra after different illumination times with the nickel titanate are shown in Figure 8(b) . In the picture, it can be seen that the main absorbance of rhodamine B at 554 nm gradually shifted to a shorter wavelength. At 120 min the wavelength of maximum absorbance was changed to 551nm, finishing at 538 nm hypsochromic effect, according to what reported by Xiukai Lee et al., this effect causes the de-ethylated product of the rhodamine B molecule. In this case, the displacement in the maximum absorbance band indicates that ethylation was carried out gradually, resulting in the formation of N, N, N-tri-ethylated rhodamine, intermediates formed do not degrade quickly, so the percentage degradation of rhodamine B was only 48%.
These materials were also evaluated in the photocatalytic degradation of tetracycline molecule at 20 ppm irradiated by the lamp Xe of 35 W during 300 min. In Figure 9 is shown the UV-Vis spectrum obtained. During photolysis, tetracycline concentration decreases around 15% as seen in Figure 9 (a), in the darkness, the NiTiO 3 presents a 35% TC absorption, while for CoTiO 3 and FeTiO 3 was 26% and 7% respectively. On the other hand, this can be due to the NiTiO 3 greater surface area as compared to other photocatalysts. Thus, NiTiO 3 could provide more adsorption sites for TC 29 . Figure 9 (b) shows the UV-Vis spectra of the photocatalytic degradation of an aqueous solution of tetracycline with the titanates of nickel, cobalt and iron illuminated with visible light. This figure clearly indicates that the absorbance of the band located at 368 nm decreases with the reaction time indicating rupture of phenolic groups to aromatic rings B, also shows that the absorbance of the bands located at 270 nm decrease with reaction time, we can attribute this to the production of acylamino and hydroxyl groups. These results suggest that they are a by-product, which is more recalcitrant and therefore difficult to eliminate at 100% 30, 31 .
In addition it was determined the mineralization degree of the titanates synthetized after the photocatalytic degradation of rhodamine B and TC. For these tests the NiTiO 3 and CoTiO 3 with the highest photocatalytic activity was used as the photocatalyst, After 5 h the reaction, the mineralization aproximately. of 24% for NiTiO 3 and 18% for CoTiO 3 by rhodamine B. with respect to the TC only the NiTiO 3 was evaluated obtaining around 15% of mineralization.
As shown in Figure 10 , we can see the gradual increment in fluorescence at about 430 nm for the three titanates. Furthermore, the NiTiO 3 material showed the highest fluorescence intensity in comparison with CoTiO 3 and FeTiO 3 . This result suggests that a larger amount of ·OH radicals are generated for NiTiO 3 , which corroborates the capacity to degradation of Rhodamine B and tetracycline. Where this results is concordant with R. A Palominos et al. where indicate the hydroxyl radical plays a significant role in the oxidation of tetracycline 32 . However, the activity probably was affected by the amount of holes and HO· radicals generated, may be that the reaction follows the mechanism reported by J. Niu et al. where indicate that the HO·, O 2 -and the h vb + are either not involved in the decomposition of tetracycline, or not be the main reactive species during the photocatalysis 33 .
On the other hand, having a solution near to a pH 7, the particle size of NiTiO 3 present the smaller size, which favors the migration of electron-hole pair, therefore, it can be observed that increasing the particle size and agglomerate formation, the photocatalytic activity decreases. The results of zeta potential can be seen that even pH close to 7 of the titanate particles will be kept to a negative value favoring the dispersion in the suspension. Thus, according to these results the titanates can be applied to photocatalyst for tetracycline and Rhodamine B degradation. Trying to increased photocatalytic activity, using any co-catalyst to help generate species that act directly in the degradation of pollutants. So, although titanates exhibit lower activity with respect to other materials 32, 33, 34 , they can be a good alternative as support for other catalysts improving significantly the activity.
Conclusion
Pure iron, cobalt, and nickel titanates were obtained directly and quickly by solvo-combustion method. The materials synthesized were evaluated in the photocatalytic degradation of two model molecules, these being a dye (Rhodamine B) and a drug (tetracycline) and irradiated under simulated sunlight and for this purpose a Xe lamp was employed. The photocatalyst that showed greater degradation of these molecules was nickel titanate with 48% for rhodamine B and 61% for tetracycline, so we can conclude that factors as surface area, bandwidth morphology, and the high ability to produce OH radicals are factors that proved decisive to propose these materials as ideal candidates for application in photoinduced processes. 
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